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A B S T R A C T 

 

Aim of the study: To investigate anti-arthritic activity of Aqueous methanolic extract of Pogostemon quadrifolius 

(AMEPQ) in Freund’s complete adjuvant (FCA)-induced arthritis in rats. 

Methods: The AMEPQ was prepared and subjected to acute oral toxicity in mice and tested against FCA induced 

arthritis in rats. Arthritis assessment was done by measuring – paw volume, joint diameter, pain threshold, thermal 

hyperalgesia, mechanical nociceptive threshold and body weight. 

Haematological, serum, biochemical and in vivo anti-oxidant parameters were measured on the last day of the 

study. Histopathological and radiological analyses of ankle joints were also done. MEPQ was administered at the 

dose of 100, 200 and 400 mg/kg body weight. 

Results: MEPQ dose dependently showed anti-arthritic activity which was evident with decrease in paw volume, joint 

diameter and increase in pain threshold, paw withdrawal latency, mechanical nociceptive threshold and body weight 

when compared to arthritic control group. AMEPQ (400 and 200 mg/kg) exhibits significant (P < 0.001 and P < 0.01, 

respectively) anti-arthritic activity by increasing levels of RBC, Hb and by decreasing levels of WBC, platelets and also 

serum C-reactive protein (CRP) and Rheumatoid factor (RF). The anti-arthritic activity was also confirmed with the 

altered biochemical parameters (AST, ALT, ALP and total protein level) and anti-oxidant parameters (SOD, MDA and 

GSH). MEPB (400 and 200 mg/kg) and diclofenac (10 mg/ kg) also inhibited joint destruction (histopathological and 

radiological analysis). Conclusion: P. quadrifolius may be a potential preventive or therapeutic candidate for the 

treatment of inflammation and arthritis.  

 
 

1. Introduction 

 

Arthritis and related disorders, including rheumatoid arthritis (RA), are common diseases affecting millions 

of people [1]. RA is characterized by articular injuries having an inflammatory propagation of synovial cells, 

attaining a nearly complete functional defect. It affects about 1% of the general population [2]. RA is a kind of 

chronic inflammatory autoimmune disease. Although a num-ber of drugs used in the treatment of RA have been 

developed over the past few decades, there is still a need for more effective drugs with lower side effects [3]. 

Conventional medicine, includ-ing treatment with steroids,  nonsteroidal  anti-inflammatory  drugs (NSAIDs) 

and such biological agents as tumour necrosis factor alpha (TNF-a) and interleukin-1 beta (IL-113) antagonists, 

has shown only limited success against RA. Such therapies are helpful in controlling the symptoms of acute RA, but their 

effects on chronic, prolonged RA are unsatisfactory. Moreover, the adverse effects of drug therapy are significant and include 

gastrointestinal disturbances, infections and cardiovascular risks [4]. 

 

Freund’s complete adjuvant (FCA)-induced arthritis in rats has been employed widely as a model for chronic systemic inflam- 

mation and possesses many features in common with human rheumatoid arthritis [5]. FCA-induced arthritis is of considerable 

relevance for the study of pathophysiological and pharmacologi-cal control of inflammatory processes, as well as the evaluation of 

anti-arthritic effects of drugs [6]. The FCA-induced arthritis follows a biphasic time course, consisting of an acute local 

inflammatory reaction that subsides after 3–4 days and a chronic systemic reac-tion that shows a relapsing-remitting course after 

the initial two weeks and can persist for several months [7]. It is not known why this biphasic pattern of activity is seen but it may 

be due to an ini-tial stimulus caused by the injection of FCA followed by the delayed hypersensitivity response known to be 

induced by FCA [8]. 
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Pogostemon quadrifolius. Fam. Laminacea  is  a  rare   existence   

Indian   medicinal   plant   found in  moist  habitats  such  as  along  

watercourses  and  in   rice   fields throughout most of peninsular 

and northern India at an elevation of 1300 m. P. quadrifolius is 

reported  to  have  antimicro- bial, anthelmintic, hypotensive and 

stomach relieving properties [9]. P. quadrifolius used to treat 

inflammations and pulmonary tuberculosis [10] and also 

sesquiterpene lactones like  santa- marine, 9 13-acetoxycostunolide 

and 9 13-acetoxyparthenolide isolated from P. quadrifolius exhibited 

significant anticancer activities in vitro [11]. Literature survey 

revealed  the  presence  of  chem-  ical constituents like 

eudesmanolide, guaianolide, sesquiterpene lactones, isoivangustin 

and guaianolide [9], 6 a-hydroxy-4(14), 10(15)-guainadien-8a-, 12-

olide [12]. Some  sesquiterpene  lac-  tones isolated from other 

plants have been found to possess good anti-inflammatory 

activities [13]. 

As the literature survey shows that P. quadrifolius may show 

anti- inflammatory activity due to presence of sesquiterpene 

lactones and be utilized for treating pathological states like 

arthritis [14], therefore the objective of the present study was to 

determine the efficacy of P. quadrifolius (whole plant) in Freund’s 

complete adjuvant (FCA)-induced arthritis in rats. 

 
2. Materials and methods 

 
2.1. Procurement and authentification of plant material 

 
 The leaves ,stem and flower part of  Pogostemon quadrifolius   Were 

collected from chinnaraavigudem reserve forest manuguru mandal 
bhadradri dist Telangana state .were collected from district ,Telangana 
,india in the month of  december 2019 and were preserved as herbarium 
specimen ,identified and authenticated by  Plant taxonomist (IAAT : 
337) K.Madhava chetty Dept of botany Sri venkateswara university 
,Tirupathi Andhra pradesh 

 
2.2. Drugs and chemicals 

 
FCA (Sigma Aldrich, USA), diclofenac (gift sample from Emcure 

pharmaceuticals Ltd., Pune), methanol (Molychem, India), bio- 

chemical diagnostic kits of aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), total protein and alkaline phos- 

phatase (ALP) (Accurex biomedical Pvt. Ltd) were purchased. All 

other solvents and chemicals used for the study were of analytical 

grade and purchased from authentic vendors. 

 
2.3. Experimental animals and approval 

 
Female Wistar rats weighing (180–220 g) and female Swiss 

albino mice (25–30 g) were obtained from National Toxicology Cen- 

tre, Pune, India. The animals were maintained at a temperature 

of 25 1 ◦C and relative humidity of 45 to 55% under 12 h light: 

12 h dark cycle. The experimental protocol was approved by 

Institu- tional Animal Ethics Committee (IAEC) constituted in 

accordance with the rules and guidelines of the Committee for the 

Purpose of Control and Supervision on Experimental Animals 

(PBCSEA), India (xxxxxxx). 

 
2.4. Preparation of extract 

 
The whole plant was shade dried and powdered. Dried powder 

(100 g) was subjected to aqueous methanol extraction by cold 

maceration with intermittent shaking and then filtered (yield 

6.7% w/w). The extract was suspended in Tween-80 (0.1% v/v) to 

get the suspension for administration to rats [15]. 

2.5. Acute oral toxicity study 

 
Healthy female Swiss albino mice were subjected to acute 

oral toxicity studies as per OECD guideline-425. The mice were 

fasted overnight, provided only with water. Methanol extract of 

P. quadrifolius (MEPQ) was administered orally at one dose level 

of 2000 mg/kg body weight. The mice were observed 

continuously for behavioural and autonomic profiles for 2 h and 

for any signs of toxicity or mortality up to 48 h [16]. 

 
2.6. Freund’s complete adjuvant-induced arthritis 

 
Arthritis was induced by single intra-dermal injection of 0.1 mL 

of Freund’s complete adjuvant into a footpad of the left hind paw of 

female rats. Each milliliter contains 1 mg of Mycobacterium tubercu- 

losis (Strain H37Ra, ATCC-25177). The rats were anesthetized with 

ether inhalation during adjuvant injection, as the viscous nature of 

adjuvant exerts difficulty while injecting [17]. 

The animals were divided into six groups consisting of six ani- 

mals per group: 
 

• group I – healthy control; 
• group II – arthritic control; 
• group III – diclofenac 5 mg/kg, per os; 
• group IV – MEPB 100 mg/kg, per os; 
• group V – MEPB 200 mg/kg, per os; 
• group VI – MEPB 400 mg/kg, per os. 

Anti-arthritic activity of MEPB was evaluated on injected paw on 

the following parameters paw volume, joint diameter, pain thresh- 

old, thermal hyperalgesia, tactile allodynia and body weight on day 

0, 1, 4, 8, 12, 16, 20, 24, and day 28 [18]. On day 28 the animals were 

anaesthetized with anaesthetic ether and the blood was withdrawn 

by retro-orbital puncture for the estimation of various biochemical 

parameters and haematological parameters. 

 
2.6.1. Measurement of paw volume 

Paw volume was measured using a Plethysmometer (UGO 

Basile, Italy) on day 0 before FCA injections and thereafter on day 

1, 4, 8, 12, 16, 20, 24, and day 28 [19]. The change in paw volume 

was calculated as the difference between the final and initial paw 

volume. 

 
2.6.2. Measurement of joint diameter 

Joint diameter was measured using a digital Vernier caliper 

(Mitutoyo, Japan) on day 0 before FCA injections and thereafter on 

day 1, 4, 8, 12, 16, 20, 24, and day 28 [20]. The change in joint diam- 

eter was calculated as the difference between the final and initial 

joint diameter. 

 
2.6.3. Measurement of pain threshold 

Pain threshold was measured using Randall-Selitto analge- 

siometer (UGO Basile, Italy) on day 0 just before FCA injections 

and thereafter on day 1, 4, 8, 12, 16, 20, 24, and day 28. The hind 

paw was placed between the flat surface and blunt pointer and 

applied increasing pressure. The cut-off pressure was 450 g. The 

pain threshold was determined when rat attempted to remove the 

hind paw from the apparatus [21]. 

 
2.6.4. Measurement of thermal hyperalgesia (paw withdrawal 

latency) 

Thermal hyperalgesia of injected paw was measured using a 

radiant heat apparatus (UGO Basile, Italy) on day 0 just before FCA 

injections and thereafter on day 1, 4, 8, 12, 16, 20, 24, and day 28. 

The paw was placed on the heat radiator with infrared intensity of 
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lamp was set at 40. A cut of latency of 15 s was used to avoid tissue 

damage [22]. 

 
2.6.5. Measurement of mechanical nociceptive threshold 

Mechanical nociceptive threshold was determined by measur- 

ing paw withdrawal following probing of the plantar surface with 

a series of calibrated fine filaments (Von Frey hairs, Almemo, 

Germany) of increasing gauge [23,24]. The rats were allowed to 

acclimatize for 10 min in the Perspex box and Von Frey hairs (0.6 

to 12.6 g) were applied to plantar surface of left hind paw. A series 

of three stimuli were applied to each paw for each hair within a 

period 2–3 s. The lowest weight of Von Frey hair to evoke a with- 

drawal from the three consecutive applications was considered to 

indicate the threshold. Lifting of the paw was recorded as a positive 

response [25]. 

 
2.6.6. Body weight recording 

Body weight was recorded on day 0 just before FCA injections 

and thereafter on day 1, 4, 8, 12, 16, 20, 24, and day 28 [26]. 

 
2.6.7. Radiological analysis of ankle joints 

On day 28, rats were anaesthetized and radiographs of the adju- 

vant injected hind paws were taken using X-ray (AGFA CR 30-X 

unit, Germany). Radiographic analysis of hind paws was performed 

at 55 kV peak, 50 mA and the exposure time was 5 s. 

 
2.6.8. Haematological and serum parameters 

On day 28, haematological parameters like red blood cell (RBC) 

count, white blood cell (WBC) count, haemoglobin (Hb), and 

platelets (PLT) were determined by usual standardized laboratory 

method [27]. Serum C-reactive protein (CRP) and Rheumatoid fac- 

tor (RF) level was also measured [15]. 

 
2.6.9. Biochemical  parameters 

On day 28, blood of the rats was withdrawn by retro-orbital 

puncture and serum was used for the estimation of serum AST, 

ALT, ALP and total protein levels [27]. 

 
2.6.10. Anti-oxidant parameters 

The rats were sacrificed on day 28 by cervical dislocation and 

liver of rats were isolated and washed in ice-cold saline. Tissue 

homogenates were prepared with 0.1 M tris-HCl buffer (pH 7.4). 

The supernatant obtained was used to estimate superoxide dismu- 

tase (SOD), malonaldehyde (MDA), and reduced glutathione (GSH). 

SOD, MDA and GSH assay was performed as per the method of Mis- 

era and Fridocich 1972; Slater and Sawyer 1971; Morgon et al., 1979 

[28–30] respectively. 

 
2.6.11. Histopathological analysis of ankle joints 

On day 28, ankle joints were separated from the hind paw 

and immersed in 10% buffered formalin for 24 h followed by 

decalcification in 5% formic acid, processed for paraffin embed- 

ding sectioned at 5 µ thickness. The sections were stained with 

haematoxylin-eosin and evaluated under light microscope with 

10 magnifications for the presence of inflammatory cells, hyper- 

plasia of synovium, pannus formation and destruction of joint space 

[31]. 

 
2.6.12. Measurement of spleen and thymus weight 

On day 28, spleen and thymus of all the rats were removed and 

weighed [32]. 

 
2.7. Statistical analysis 

 
Data was expressed as mean SEM and statistical analysis was 

carried out by using GraphPad 5.0 software (GraphPad, San Diego, 

USA) by applying two-way ANOVA with Bonferroni test or one-way 

ANOVA with Dunnett’s test. P < 0.05 was considered to be signifi- 

cant. 

 
3. Results 

 
3.1. Acute oral toxicity study 

 
MEPQ did not exhibit any toxic symptoms and mortality when 

given orally at dose of 2000 mg/kg b.w. Therefore three doses (100, 

200 and 400 mg/kg b.w) were selected for pharmacological studies. 

 
3.2. Measurement of paw volume 

 
There was significant (P < 0.001) increase in paw volume of all 

the rats treated with FCA compared to healthy control. MEPB (200 

and 400 mg/kg) significantly (P < 0.001) lowered the paw volume 

from day 20 onwards as compared to FCA control group. MEPB 

lower dose 100 mg/kg was less effective, it significantly (P < 0.01) 

lowered paw volume on day 28. Diclofenac 10 mg/kg showed signif- 

icant (P < 0.001) reduction in paw volume from day 16 onwards. The 

change in paw volume of MEPB treated (400 mg/kg; 1.42 ± 0.18 and 

200 mg/kg; 2.13 ± 0.07) was evident as compared to FCA control 

(3.81 ± 0.10) on day 28 (Fig. 1). 

3.3. Measurement of joint diameter 

 
There was significant (P < 0.001) increase in joint diameter of 

rats of all the groups treated with FCA compared to healthy con- 

trol. MEPQ (200 and 400 mg/kg) significantly (P < 0.01 and P < 0.001, 

respectively) decreased the joint diameter from day 20 as com- 

pared to FCA control. The change in joint diameter of MEPQ 

treated (400 mg/kg; 1.39 ± 0.19 and 200 mg/kg; 2.12 ± 0.06) was 

evident as compared to FCA control (3.37 ± 0.14) on day 28 (Fig. 

2). 

3.4. Measurement of pain threshold 

 
The pain threshold of the paw in the FCA administered rats 

decreased progressively till day 12. MEPQ (400 and 200 mg/kg) 

significantly (P < 0.001) increased the pain threshold from day 20 

and day 24 respectively, whereas MEPQ (100 mg/kg) was less effec- 

tive, it significantly (P < 0.01) increased the pain threshold on day 

28. Diclofenac (5 mg/kg), used as standard, significantly (P < 0.001) 
increased pain threshold form day 20. The pain threshold of MEPB 

(400 mg/kg; 250 ± 15.2 and 200 mg/kg; 224 ± 4.7) was evident as 

compared to FCA control (145 ± 7.9) on day 28 (Fig. 3). 

3.5. Measurement of thermal hyperalgesia (paw withdrawal 

latency) 

 

There was significant (P < 0.001) decrease in paw withdrawal 

latency of all the rats treated with FCA compared to healthy con- 

trol. MEPQ (400 and 200 mg/kg) significantly (P < 0.01) increased 

the paw withdrawal latency from day 20 and day 24 respectively, 

whereas MEPQ (100 mg/kg) showed very minute effect on day 

28, it significantly (P < 0.05) increased the paw withdrawal 

latency on day 28. Diclofenac (5 mg/kg) also caused a significant 

(P < 0.001) increase in paw withdrawal latency from day 20 

onwards. The paw withdrawal latency of MEPQ (400 mg/kg; 

7.32 ± 0.25 and 200 mg/kg; 6.17 ± 0.36) was evident as compared 

to FCA control (2.90 ± 0.18) on day 28 (Fig. 4). 

3.6. Measurement of mechanical nociceptive threshold 

 
The  mechanical  threshold  was  observed  to   be   the   low-   

est on day 12. Administration of MEPQ (400 and 200 mg/kg) 
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Fig. 1. Effect of MEPB on change in paw volume in FCA- induced arthritis. Values are expressed as mean SEM for six animals and analysed by two-way ANOVA followed by 

Bonferroni post-hoc test, ** P < 0.01, *** P < 0.001 when compared to arthritic control # P < 0.001 when compared to healthy control. 

 

Fig. 2.  Effect of MEPQ on change in joint diameter in FCA-induced arthritis. Values are expressed as mean SEM for six animals and analysed by two-way ANOVA followed  

by Bonferroni post-hoc test, ** P < 0.01, *** P < 0.001 when compared to arthritic control # P < 0.001 when compared to healthy control. 

 
significantly (P  < 0.001) improved the mechanical withdrawal threshold from day 20 when compared to arthritic control. How-ever, there          
was little improvement observed in MEPB 100 mg/kg that significantly (P < 0.01) increased mechanical withdrawal threshold on day 28. 

Diclofenac (5 mg/kg) showed significant (P < 0.001) improvement in mechanical withdrawal threshold from day 16 onwards. The mechanical withdrawal 

threshold of MEPB (400 mg/kg; 59.82 ± 1.01 and 200 mg/kg; 52.58 ± 1.76) was evident as compared to FCA control (24.97 ± 0.98) on day 28 (Fig. 5). 
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Fig. 3. Effect of MEPQ on pain threshold in FCA-induced arthritis. Values are expressed as mean SEM for six animals and analysed by two-way ANOVA followed by Bonferroni 

post-hoc test, * P < 0.05, ** P < 0.01, *** P < 0.001 when compared to arthritic control # P < 0.001 when compared to healthy control. 

 
3.7. Body weight recording 

 
The rats in the arthritic control group lost body weight as com-pared with the MEPQ and diclofenac treated group. The body weight 

of MEPB (400 mg/kg; 209 ± 4.10 and 200 mg/kg; 201 ± 5.08) was evident as compared to FCA control group (168 ± 3.50) on day 28. The results indicate that 

MEPQ (400 and 200 mg/kg) increased the body weight by 23.89% and 19.15% respectively on day 28 while 

 

Fig. 4. Effect of MEPQ on thermal hyperalgesia (paw withdrawal latency) in FCA-induced arthritis. Values are expressed as mean SEM for six animals and analysed by 

two-way ANOVA followed by Bonferroni post-hoc test, * P < 0.05, ** P < 0.01, *** P < 0.001 when compared to arthritic control # P < 0.001 when compared to healthy control. 
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Fig. 5. Effect of MEPQ on mechanical nociceptive threshold in FCA-induced arthritis. Values are expressed as mean SEM for six animals and analysed by two-way ANOVA 

followed by Bonferroni post-hoc test, ** P < 0.01, *** P < 0.001 when compared to arthritic control # P < 0.001 when compared to healthy control. 

 

diclofenac (5 mg/kg) increased the body weight by 25.37% as com- 

pared to arthritic control group. 

 
3.8. Radiological analysis of ankle joints 

 
As shown in Fig. 6, FCA injected rats had developed definite 

joint space narrowing of the inter-tarsal  joints,  diffuse  soft  tis-  

sue swelling, cystic enlargement of bone and extensive erosions. 

FCA control rats suffered from more pronounced bone destruc- 

tion than MEPQ (400 mg/kg) (Fig. 6F) and diclofenac (5 mg/kg) 

(Fig. 6C) treated groups. MEPQ (200 mg/kg) showed moderate 

effect (Fig. 6E), while MEPQ (100 mg/kg) showed no obvious effect 

(Fig. 6D). 

 
3.9. Haematological and serum parameters 

 
The increased levels of platelets and WBC and decreased levels 

of RBC and Hb were observed in arthritic control group. These 

conditions were altered dose dependently by treatment with MEPB 

and diclofenac. The increased level of serum  C-reactive  protein 

and rheumatoid factor observed in arthritic control group were 

also significantly (P < 0.001) decreased by treatment with MEPQ 

(400 and 200 mg/kg) and diclofenac (Table 1). 

 
3.10. Biochemical parameters 

 
As a result of FCA-induced arthritis, the serum levels of AST, 

ALT and ALP were increased significantly (P < 0.001) and total 

protein level was decreased significantly (P < 0.001) in arthritic 

group. These enzyme levels were altered by treatment with MEPQ 

and diclofenac. The level of AST, ALT and ALP were significantly 

(P < 0.001) decreased by treatment with MEPQ 400 mg/kg and 

diclofenac 10 mg/kg and the level of total protein was significantly 

(P < 0.001) increased. The effects observed by MEPQ were dose 

dependent (Table 2). 

 
3.11. Anti-oxidant parameters 

 
In arthritic control group significant (P < 0.001) reduction in 

GSH and SOD levels were observed compared to healthy control 

group. The treatment with MEPQ (400 and 200 mg/kg) 

significantly (P < 0.001 and P < 0.01, respectively) increased GSH 

levels. Further, 
 

Table 1 

Effect of MEPB on haematological and serum parameters in FCA-induced arthritis in rats. 

Treatment groups RBC (* 106 cells/mm3 ) WBC (*103 cells/mm3 ) Hb (g/dL) Platelets 

(*103 cells/mm3 ) 

 
 
 

CRP (mg/lit) RF value (IU/mL) 

 
 

Healthy control 6.8 ± 0.26 7.3 ± 0.33 14.3 ± 0.22 903 ± 20 1.65 ± 0.14 – 

Arthritis control 3.5 ± 0.20# 14.2 ± 0.25# 9.4 ± 0.28# 1734 ± 40# 7.05 ± 0.26# 57 ± 1.20# 

Diclofenac (5 mg/kg, per os) 6.1 ± 0.26*** 8.4 ± 0.25*** 14.1 ± 0.35*** 1091 ± 49*** 2.88 ± 0.17*** 34 ± 0.91*** 

MEPB (100 mg/kg, per os) 3.8 ± 0.08 13.4 ± 0.64 10.8 ± 0.40* 1626 ± 57 6.03 ± 0.31* 53 ± 1.10* 

MEPB (200 mg/kg, per os) 5.0 ± 0.35** 11.5 ± 0.47*** 12.2 ± 0.28*** 1391 ± 46*** 5.10 ± 0.31*** 48 ± 1.30*** 

MEPB (400 mg/kg, per os) 5.8 ± 0.42*** 9.6 ± 0.24*** 13.2 ± 0.38*** 1190 ± 49*** 3.92 ± 0.30*** 42 ± 0.81*** 

MEPQ: Aqueous methanolic extract of Pogostemon quadrifolius FCA: Freund’s complete adjuvant; RBC: red blood cell; WBC: white blood cell; Hb: haemoglobin; CRP: C-

reactive protein. RF: rheumatoid factor. Values are expressed as mean SEM for six animals and analysed by one-way ANOVA followed by Dunnett’s test, * P < 0.05; ** P < 0.01; 
*** P < 0.001 when compared to arthritic control # P < 0.001 when compared to healthy control. 
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Fig. 6. Radiological analysis of ankle joints. (A) Healthy control. (B) Arthritic control. (C) Diclofenac 5 mg/kg treated. (D) MEPB 100 mg/kg treated. (E) MEPB 200 mg/kg treated. 

(F) MEPB 400 mg/kg treated. 

 

MEPB (400 and 200 mg/kg) also showed significant (P < 0.001) 

increase in level of SOD. 

The MDA levels were significantly (P < 0.001) increased in liver 

of arthritic control group as compared to healthy control group. The 

treatment with MEPQ(400 and 200 mg/kg) significantly (P < 0.001 

and P < 0.01, respectively) decreased the levels of MDA. The level of 

MDA in diclofenac treated group also showed significant (P < 0.001) 

reduction (Table 3). 

 
3.12. Histopathological analysis of ankle joints 

 
Histopathology of ankle joint of healthy control rats showed no 

inflammation, with intact synovial lining and no necrosis of bone 

(Fig. 7A). FCA treated rats showed massive influx of inflammatory 

cells, necrosis of bone, chronic inflammation and disturbed synovial 

lining (Fig. 7B). In contrast to these pathological changes the rats 

treated with MEPQ (400 mg/kg, per os) and diclofenac (5 mg/kg, 

per os) showed significant protection against necrosis of bone with 

low influx of inflammatory cells (Fig. 7F and Fig. 7C, respectively). 

MEPQ (200 mg/kg, per os) treated rats showed moderate necrosis of 

bone with little presence of inflammatory cells (Fig. 7E) and MEPB 

(100 mg/kg, per os) treated rats showed influx of inflammatory cells 

with evidence of disturbed synovial lining and necrosis of bone 

(Fig. 7D). 

 
3.13. Measurement of spleen and thymus weights 

 
All  the  observations  were  recorded  on  the  last  day  of  

the study. MEPQ (400 mg/kg, per os) significantly (P < 0.001) 

reduced the spleen (0.75 ± 0.02) and thymus (0.15 ± 0.01) weights 

compared  to  FCA  control  spleen  (0.91   0.03)   and   thymus   

(0.21   0.01) weights. MEPB (200 mg/kg, per os) also significantly   

(P < 0.05) reduced the spleen (0.82 0.02) and thymus (0.18 0.01) 

weights. MEPQ (100 mg/kg, per os) showed no significant results 

in reducing the spleen and thymus weights. Diclofenac (5 mg/kg, 

per os) also showed significant (P < 0.001) reduction  in  spleen  

(0.65   0.02) and thymus (0.12   0.01) weights when compared to   

FCA control group. 

 
4. Discussion 

 
Alternative medicines for the treatment of rheumatoid arthritis 

are getting more popular. Many medicinal plants provide relief of 

symptoms in rheumatoid arthritis whose effects are comparable to 

that of available conventional medicinal agents [33]. Acute toxic- 

ity study revealed the non-toxic nature of the extract at the dose 

of 2000 mg/kg. Rheumatoid arthritis is a chronic inflammatory dis- 

ease affecting about 1% of the population in developed countries 

[34]. Limb swelling, inflammatory cell infiltration, proliferative 

synovitis, and erosion of the bone and cartilage structure are clin- 

ical findings common to human arthritis and adjuvant-induced 

arthritis rat. Owing to this similarity in pathologic features, the 

adjuvant-induced arthritis rat is a widely used model of rheuma- 

toid arthritis in evaluating the efficacy of anti-inflammatory drugs 

[35]. 

In the present study, MEPQ (400 and 200 mg/kg) treatment 

showed anti-arthritic effect in all the inflammatory parameters. It 

significantly decreased the inflammation compared to the arthritic 

control group as observed by decreased paw volume (Fig. 1) and 

joint diameter (Fig. 2). The present study revealed that paw volume 
 

Table 2 

Effect of MEPQ on biochemical parameters in FCA-induced arthritis in rats. 

Treatment groups AST (U/L) ALT (U/L) ALP (U/L) Total protein (g/dL) 

Healthy control  42 ± 2.30  42 ± 1.70  73 ± 3.30 6.6 ± 0.06 

Arthritis control 127 ± 4.40# 173 ± 4.80# 475 ± 16.0# 5.1 ± 0.04# 

Diclofenac (5 mg/kg, p.o) 59 ± 3.30*** 57 ± 2.00*** 127 ± 6.70*** 6.4 ± 0.04*** 

MEPQ (100 mg/kg, p.o) 110 ± 6.80 162 ± 2.70 444 ± 19.0 5.2 ± 0.02 

MEPQ (200 mg/kg, p.o) 103 ± 2.60** 124 ± 3.50*** 347 ± 14.0*** 5.4  ± 0.06** 

MEPQ (400 mg/kg, p.o) 79 ± 5.50*** 63 ± 2.30*** 203 ± 5.10*** 6.0  ± 0.05*** 

MEPB: methanolic extract of Pogostemon benghalensis; FCA: Freund’s complete adjuvant; AST: aminotransferase; ALT: alanine aminotransferase; ALP: alkaline 

phosphatase. Values are expressed as mean SEM for six animals and analysed by One way ANOVA followed by Dunnett’s test, ** P < 0.01, *** P < 0.001 when compared to 

arthritic control # P < 0.001 when compared to healthy control. 
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Table 3 

Effect of MEPQ on anti-oxidant parameters in FCA-induced arthritis in rats. 

 
 
 

Arthritis control 2.50 ± 0.03# 3.60 ± 0.03# 45.0 ± 1.80# 

Diclofenac (5 mg/kg, p.o) 3.70 ± 0.03*** 2.80 ± 0.04*** 64.0 ± 2.20*** 

MEPQ (100 mg/kg, p.o) 2.70 ± 0.04* 3.50 ± 0.04 51.0 ± 2.10 

MEPQ (200 mg/kg, p.o) 3.00 ± 0.07*** 3.40 ± 0.02** 55.0  ± 1.40** 

MEPQ (400 mg/kg, p.o) 3.30 ± 0.04*** 3.20 ± 0.05*** 61.0  ± 2.90*** 

MEPQ methanolic extract of Pogostemon quadrifolius FCA: Freund’s complete adjuvant; SOD: superoxide dismutase; MDA: malonaldehyde; GSH: glutathione. Values are 

expressed as mean SEM for six animals and analysed by one-way ANOVA followed by Dunnett’s test, * P < 0.05, ** P < 0.01, *** P < 0.001 when compared to arthritic control 
# P < 0.001 when compared to healthy control. 

 

 
Fig. 7. Histopathological analysis of ankle joints stained with H&E. (A) Healthy control. (B) Arthritic control. (C) Diclofenac 5 mg/kg treated. (D) MEPB 100 mg/kg treated. (E) 

MEPB 200 mg/kg treated. (F) MEPB 400 mg/kg treated. 

 
and joint diameter increases with ankle stiffness in FCA challenged rats. The analgesic effect of MEPQ (400 and 200 mg/kg) in rats with 

adjuvant arthritis is also marked as evident by the increase in pain threshold (Fig. 3) thermal hyperalgesia (Fig. 4) and mechanical 

nociceptive threshold (Fig. 5). The decrease in body weight dur-ing inflammation is due to reduced absorption of nutrients through the 

intestine [36]. Therefore the restoration of the body weight in rats by MEPQ may involve improvement in the absorption of the nutrients 

through the intestine of rats (Fig. 8). 

It has been reported that a moderate rise in the WBC count occurs in arthritic conditions due to an IL-113 mediated rise in the 

respective colony stimulating factors and reduction in Hb count in arthritis results from reduced erythropoietin levels, a decreased 

response of the bone marrow erythropoietin and prema-ture destruction of red blood cells [23]. The present study reveals that MEPQ and 

diclofenac treatments significantly decreased the WBC count and increased the Hb level. In addition to this, other characteristic 

haematological alterations such as the decreased RBC and increased platelet count were also significantly restored by the MEPQ and 

diclofenac. MEPQ treatment significantly reduced the levels of RF and CRP. RF could be a marker of RA, characterized by a significant 

increase in the incidence of distal interphalangeal arthritis [17]. Also a persistent high serum level of CRP is recognized as strong indicator 

of RA [24]. 

In the present study, the challenge with FCA (0.1 mL) signifi-cantly (P < 0.001) elevated the serum AST, ALT and ALP level and 

decreased the total protein level. Assessment of the serum levels of AST, ALT and ALP provides an excellent and simple tool to measure the 

anti-arthritic activity of the drug. The activities of aminotrans-ferases and ALP increases significantly in arthritic rats, since these are good 

indices of liver and kidney impairment which is also con-sidered a feature of adjuvant arthritis. Serum AST and ALT has been reported to 

play a vital role in the formation of biologically active chemical mediators such as bradykinins in inflammatory process [27]. The administration of 

MEPB 400 mg/kg significantly (P < 0.001) decreased the level of AST, ALT and ALP and increased the level of total protein that confirms the anti-arthritic 

activity of the extract. 

It is well recognized that free radicals are critically involved in various pathological conditions like cancer, arthritis, inflammation and liver diseases [37]. Lipid 

peroxidation is a critical mechanism of the injury that occurs during rheumatoid arthritis, which is often measured by analysis of tissue MDA. The large amount 

of MDA in arthritic control group is consistent with the occurrence of dam-age mediated by free radicals [38]. Treatment with MEPQ (200 and 400 mg/kg) 

produced a significant reduction of MDA level. GSH reflect the endogenous defence against damage caused by ROS and organic peroxides as they act as an 

intracellular reductant in oxidation-reduction processes. The decreased levels of GSH in liver of arthritic rats might be due to the excessive consumption of GSH 

by the system to defend oxidative damage [39]. The production of oxygen free radicals that occurs with the development of arthri-tis leads to decreased GSH and 

SOD levels as a consequence of their consumption during oxidative stress and cellular lysis [40,41], which is evident by decreased levels of GSH and SOD in 

arthritic control group. Oral administration of MEPQ to the rats significantly re-established the depleted levels of GSH and SOD, probably by competing for 

scavenging of free radicals. From the hisopathologi-cal studies of the ankle joint, it is evident that the inflammation of the connective tissue is controlled by 

treatment with MEPQ (400 and 200 mg/kg). Bone destruction, which is a common feature of adjuvant arthritis, was examined by radiological analysis [17]. X-ray 

studies of the rat paws showed that treatment with diclofenac and MEPQ inhibited the arthritis associated joint alterations. MEPQ (400 and 200 mg/kg) treatment 

also significantly decreased the spleen and thymus weight compared to FCA control group. The reduction in spleen weight is related to stimulatory effect on the 

immune system [42]. 

 
 

Treatment groups SOD (units/mg protein) MDA (nmol of MDA/mg protein) GSH (µg GSH/mg protein) 

Healthy control 4.80 ± 0.06 2.00 ± 0.03 74.0 ± 2.00 
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Fig. 8. Effect of MEPQ on body weight in FCA-induced arthritis. Values are expressed as mean SEM for six animals and analysed by two-way ANOVA followed by Bonferroni 

post-hoc test, ** P < 0.01, *** P < 0.001 when compared to arthritic control #P < 0.001 when compared to healthy control. 

 

 
 

 
5. Conclusion 

 
The study revealed that MEPQ (400 and 200 mg/kg) possess 

anti-arthritic activity that is mediated by its analgesic and anti- 

inflammatory effects on different parameters evaluated and also 

logical and histopathological parameters. All these results thus 

predict that MEPQ provide pharmacological rationale for the tra- 

ditional use of the plant against inflammatory conditions like 

rheumatoid arthritis. 
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